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よる遠隔基関与によりアノメリック位の β面が遮蔽され、立体選択的に α マンノシル化反応が進行
すると結論した。 
 
 第 3 章では、オリゴマンノース型糖鎖の非還元末端側の部分構造である α(1-2)結合したマンノ
オリゴ糖を効率的に得る方法として連続的グリコシル化反応を検討した。その結果、2 位に反応点
となる遊離のヒドロキシ基を、3 位の保護基としてピバロイル基を有する糖供与体を用いた連続的
グリコシル化反応により、望む α(1-2)結合したマンノオリゴ糖 2 糖および 3 糖が生成すること、これ
ら重合度の異なるマンノオリゴ糖がゲルろ過クロマトグラフィーによる分子量分画により、一段階の
精製で簡便に得られることを明らかにした。 
 第 4 章では、2 章と 3 章で見出した α 立体選択的なマンノシル化反応を利用して、細胞内のゴ
ルジ体に局在する糖加水分解酵素 endo-α-mannosidase の活性検出のための分子プローブの開
発を行った結果についてまとめた。第 2章で示した 3位にピバロイル基を有するマンノース供与体
を用いた段階的グリコシル化反応により、立体選択的に 3 糖骨格の構築を行った。一方、第 3 章
で示した連続的なグリコシル化反応の反応条件を種々検討することで、プローブ構築に必要なマ
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This thesis entitled ‘‘Synthesis of oligomannosyl N-glycans by α-stereoselective 
mannosylation’’ describes the study aimed at the systematic and efficient synthesis of 
oligomannose-type glycans to reveal their biological functions at the molecular level. 
 
In Chapter I, the background and objectives of this study are presented. Oligomannose-type 
glycans linked with proteins as posttranslational modifications are involved in the quality control 
of proteins, such as correct folding, secretion, and degradation of misfolded proteins. On the other 
hand, cytosolic free oligosaccharides (fOSs) generated from the degradation of oligomannose-type 
glycans have received special attention because of their functions such as innate immune response. 
A sufficient amount of oligosaccharide samples is necessary to clarify the functions of these 
glycans at the molecular level. 
 
In Chapter II, investigation of various protecting group patterns on mannose donors for the 
stereoselective construction of α-mannoside linkages, which are the main structures of 
oligomannose-type glycans, is described. The pivaloyl group introduced into the hydroxy group at 
the 3-position of the mannose donor affects the α-stereoselectivity of the glycosylation reaction 
because of the neighboring group participation of the carbonyl oxygen. The novel mannosyl donor 
can be a useful synthon to construct oligomannose-type glycans. 
 
In Chapter III, the construction of an α(1-2) mannooligosaccharide corresponding to the part 
structure of an oligomannose-type glycan, one-pot self-condensation glycosylation with the C-3 
pivaloylated thiophenyl mannoside derivative with a free C-2 hydroxy group, is demonstrated. The 
mannosylation proceeded with α-selectivity, and α(1-2)-linked mannose oligomers were generated 
in one step. On the other hand, one-pot mannosylation using the mannosyl donor with the C-3 
position of the benzyl group mainly afforded β(1-2)-linked mannose oligomers. Hence, it is 
suggested that the C-2 free hydroxy group of the thiophenyl mannoside derivative does not control 
the α-stereoselectivity directly, and that the effect of the pivaloyl group at the C-3 position 
contributes to the selectivity. 
 
In Chapter IV, the development of an assay system based on Förster resonance energy transfer 
(FRET) with a tetrasaccharide probe to measure endo-α-mannosidase activity is described. To 
construct the α(1-2) tri-mannose unit corresponding to the part structure of the probe, we applied 
stepwise and α-selective glycosylation by the mannosyl donor with the C-3 position of the pivaloyl 
group described in Chapter II or the one-pot glycosylation method described in Chapter III. With 
both glycosylation methods, the tetrasaccharide skeleton was easily synthesized. The 
tetrasaccharide derivative was converted to the FRET-type probe by introducing an N-
methylanthraniloyl group as a reporter dye at the non-reducing end and a 2,4-dinitrophenyl group 
as a quencher dye at the reducing end. Using this probe, the enzymatic activity of endo-α-
mannosidase could be detected by increasing the fluorescence intensity. 
 
In Chapter V, a novel strategy for the systematic construction of oligomannose-type glycans 
to reveal the function of oligomannose-type sugar chains is described. To eliminate the synthetic 
steps in the construction of the oligosaccharide part, α(1-2)-linked oligomannoside derivatives 
such as mannobiose and mannotriose derivatives were constructed by self-condensation 
glycosylation with the mannose donor having the C-3 pivaloyl group described in Chapter III. The 
branching points of the glycan structure were constructed by regio- and stereoselective 
glycosylation in a convergent manner. Furthermore, to avoid β-mannosylation, which is the most 
difficult glycosylation reaction, the inversion reaction of the stereochemistry of the hydroxy groups 
at the C-2 and C-4 positions of the β-galactose residue to the β-mannose residue was applied, and 
oligomannose-type glycans were obtained. By systematic preparation of synthetic glycans, 
functional analysis of free oligosaccharides in the cytosol is possible at the molecular level, and 
this is expected to contribute to advances in field of glycobiology. 
 
